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Description

�[0001] The present invention is generally directed to
control apparatus for regulating fluid flow to and from an
eye during ocular surgery with the phacoemulsification
handpiece, such as the one of US 4,156,187. More par-
ticularly, the invention is directed to apparatus and a
method for controlling phaco power delivery and/or fluid
flow based upon the amount of thermal energy delivered
to an eye over a specific period of time.
�[0002] Phacoemulsification of cataractic lenses is a
medically recognized technique. The method generally
includes making of a corneal incision and the insertion
of a hand held surgical implement, i.e., handpiece, which
includes a needle which is ultrasonically driven in order
to emulsify the eye lens. Simultaneously, with this emul-
sification, a fluid is inserted for irrigation of the emulsified
lens and a vacuum provided for aspiration of the emul-
sified lens and inserted fluids.
�[0003] In order to maintain normal pressure within the
eye, a balanced salt solution is provided as an irrigation
fluid and typically supplied from an elevated chamber.
Importantly, the irrigation and aspiration of fluid through
the eye must be carefully monitored in order to maintain
normal pressure within the eye during surgical proce-
dures. For example, an underpressure condition may
cause distortion of the eye which often may interfere with
surgical procedures. On the other hand, overpressure
may cause damage to the eye.
�[0004] As hereinabove noted, pressure in the eye may
be controlled by physical elevation of the source of irri-
gation fluid interconnected to the phacoemulsification
handpiece. Aspiration of fluid is typically controlled
through the use of peristaltic pump or the like.
�[0005] It should be appreciated that the control of irri-
gation and aspiration fluids is a dynamic problem. For
example, during surgical procedures, fragments of bro-
ken tissue may temporarily block an aspiration line or the
handpiece. This may lead to a differential pressure which
is typically accommodated by stopping or slowing aspi-
ration flow through the regulation of the peristaltic pump
connected to the aspiration line.
�[0006] During aspiration of the lens and aspiration flu-
id, particles may restrict the aspiration flow from the eye
through an aspiration port in the tip of the phacoemulsi-
fication handpiece. In order to clear this occlusion, vac-
uum levels may be increased to create a greater differ-
ential pressure across the occluding particle in an effort
to move the particle downstream and away from the eye.
Typically, particles require much higher force to start
movement than it takes to continue movement of the par-
ticle to the peristaltic pump. Once a particle moves, it
creates a subsequent volume of fluid to take up the space
it once occupied. This volume may be momentarily larger
than the volume of fluid in the eye, therefore, producing
a momentary- �dimpling of the eye.
�[0007] It has been shown that the pressure sensing of
this condition is well within the operation of the phaco

machine.
�[0008] However, of further consideration regarding the
utilization of phacoemulsification handpiece, is the
amount of power delivered to the lens by the handpiece
in order to fragment the lens. If too much power is deliv-
ered to the handpiece, without concomitant fluid or cool-
ing irrigation fluid, local temperatures of the eye may rise
to a level causing localized trauma. On the other hand,
the entire eye may be heated during the procedure within
the anterior chamber which may cause damage. Thus,
it is important to not only control the power delivery of a
phacoemulsification handpiece, but to provide a means
for calculating elevated anterior chamber temperatures
in order to prevent any tissue damage due to excess
delivered power. Such damage can occur within one to
two seconds under adverse heating conditions.
�[0009] It should be appreciated that in combination
with the occlusion of the phacoemulsification needle, as
hereinabove described, the fluid flowing from the eye can
vary considerably. Thus, heat is not removed from the
eye in a generally continuous basis, but, of course, is
dependent upon the actual fluid flow as a function of time.
Although WO 92/07622 A1 discloses a urethral inserted
applicator for prostate hypothermia which controls and
knows the mass flow rate of cooling water and measures
the temperature rise of the water so as to calculate the
temperature of the prostrate surface and enable the prop-
er amount of power to the tissues to limit the urethra
tissue wall temperature to a certain level, consoles for
providing irrigation fluid and power of an ultrasonic
phacoemulsification handpiece and aspirating fluid from
the eye during ocular surgery have heretofore not taken
into account energy and power considerations nor uti-
lized same for controlling the operation of the phacoe-
mulsification handpiece.
�[0010] The present apparatus and method provide for
such operation.

SUMMARY OF THE INVENTION

�[0011] Control apparatus, by itself, or for use in a con-
trol console for providing irrigation fluid and controlling
power to an ultrasonic phacoemulsification handpiece
and aspiration from an eye during ocular surgery, gen-
erally includes a means for monitoring energy provided
to the handpiece and means for monitoring energy re-
moved from the eye by aspirated fluid. In connection
therewith, a computer responsive to input from the means
for monitoring power provided and removed, provides a
means for calculating an energy balance over a time in-
terval and, accordingly, regulating the power provided to
the handpiece. The power may be regulated by changing
the duty cycle thereof.
�[0012] In addition, regulation of the fluid flow may also
be performed in response to the energy balance calcu-
lation.
�[0013] More particularly, the means for monitoring
power removed from the eye may include a means for
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measuring the flow rate of the aspirated fluid and/or irri-
gation fluid and may further include a means for meas-
uring a temperature difference between the irrigation fluid
and the aspirated fluid.
�[0014] Additionally, output means, which is responsive
to the computer means, may provide an indication of eye
temperature based upon the energy balance. Specifical-
ly, the output means may provide an alarm at a selected
eye temperature level. This enables a continuous mon-
itoring of the eye temperature and, in addition, either vis-
ual or audible alarm, may be provided at any selected
level in order to attract attention to an energy imbalance
in order to prevent thermal damage to eye tissue.
�[0015] Correspondingly, regulating fluid flow and pow-
er to an ultrasonic phacoemulsification handpiece can
be achieved by monitoring power provided to the hand-
piece, monitoring power removed from the eye by the
aspirated fluid and calculating, in response to input from
the steps of monitoring the power provided and the power
removed, an energy balance over time interval, with sub-
sequent regulation of the power provided to the hand-
piece and fluid flow of the irrigation fluid and aspiration
fluid.

DETAILED DESCRIPTION OF THE DRAWINGS

�[0016] The advantages and features of the present in-
vention will be better understood by the following descrip-
tion, when considered in conjunction with the accompa-
nying drawings, in which:�

Figure 1 is a block diagram of control apparatus in
accordance with the present invention; and

Figure 2 is a plot of fluid transfer as a function of
Phaco power displayed during a phacoemulsifica-
tion procedure.

�[0017] Turning now to Figure 1, there is shown, in func-
tional block diagram form, a phacoemulsification system.
The system 10 includes a control console 12 for providing
irrigation fluid and power to an ultrasonic phacoemulsifi-
cation handpiece 14, and aspirating fluid from an eye 16
during ocular surgery. The console 12 includes a variable
speed peristaltic pump 18 which provides a vacuum
source, a source of pulsed ultrasonic powers 20, and a
microprocessor computer 22, an ultrasonic power level
controller 24 and a pump speed controller 26. A vacuum
sensor 28 provides input to the computer 22 representing
a vacuum level on an input side of the peristaltic pump
18. Suitable venting is provided by vent 30. This appa-
ratus and availability is described in greater detail in U.S.
Patent No. 5,700,240 to which the skilled person is re-
ferred for a description of a control console 12 suitable
for use in the present invention.
�[0018] The console 12 supplies ultrasonic power on
line 32 to the handpiece 14 and an irrigation of fluid source
34 is coupled to the handpiece 14 through line 36. The

irrigation fluid and ultrasonic power applied by the hand-
piece 14 to a patient’s eye, which is indicated diagram-
matically by block 16. Aspiration of the eye 16 is achieved
through line 40.
�[0019] The power level controller 24 provides a means
from monitoring power provided to the handpiece 14 by
the console 12 and an output indicating a signal corre-
sponding to the power provided to the handpiece 14 may
be separately imputed to the computer 22 as indicated
by the dashed line 44.
�[0020] Any suitable temperature sensors 50, 52 con-
nected to the computer 22 by lines 54, 56 and flow sen-
sors 60, 62 interconnected to the computer by lines 64,
66, respectively, provide a means for monitoring power
removed from the eye 16 by aspirated fluid. The temper-
ature sensors 50, 52 and flow sensors 60, 62 may be of
any suitable type. Since the flow rates and temperature
of the aspiration and irrigation fluids are known, as well
as the power provided to the handpiece, an energy bal-
ance can be calculated by the computer.
�[0021] Energy balance, as the term is used herein, as-
sumes flow through the handpiece which is not chemi-
cally changed, i.e., no chemical reaction of the fluid oc-
curs within the eye 16 or the handpiece 14.
�[0022] The microprocessor computer 22 accordingly
is capable of determining cumulative phaco power deliv-
ered over a period of time as well as the cumulative fluid
removed from the eye by the peristaltic pump 16. Under
the further assumption of a tight wound and minimal fluid
leakage, aspiration flow and irrigation fluid are equivalent
in the eye system. Therefore, a correlation is established
between the fluid flow, phaco power and heat generation
in the handpiece 14. In fact, empirically, the flow rate of
irrigation/ �aspiration fluids may be utilized to determine
the eye temperature given the heat input by the phaco
power provided by the handpiece. In this instance, the
fluid temperatures need not be continually measured or
monitored.
�[0023] As hereinabove noted, decreasing flow coupled
with phaco power deployment over extended time may
result in burns or chamber heating.
�[0024] The computer 22 utilizes either a look-�up table
or algorithm to determine an energy balance and whether
the control console 12 should continue with existing pow-
er and fluid settings or switch to modified settings which
may be preprogrammed by a user. In addition, the com-
puter may modulate the phaco power level or duty cycle
based upon the level of a "heat factor" determined by the
energy balance.
�[0025] In addition, the computer 22 may provide an
output indicated by the block 70, which may be of any
suitable output device or alarm, for providing an indica-
tion of high temperature based on the energy balance.
�[0026] An example of a heat factor determination with
corresponding system response is shown in Figure 2,
which represents an algorithm for handpiece 14 opera-
tion.
�[0027] Several methods may be utilized to determine
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the heat factor including mathematical algorithm or a
look-�up table contained within system memory. Figure 2
illustrates one way in which a heat factor may be deter-
mined from a two dimensional matrix. Figure 2 also dem-
onstrates one example of how a system may be pro-
grammed to respond based upon the determined heat
factor within this two dimensional matrix.
�[0028] A combination of change in phaco power as well
as duty cycle is shown as a response to ultrasonic power
and fluid transfer within a given increment of time. By
monitoring the fluid removed from the eye by the aspira-
tion means utilizing a microprocessor, the quantity of fluid
capable of transferring heat away from the eye in a given
increment of time can be determined or approximated.
In addition, the system 10 is also capable of monitoring
the cumulative ultrasonic energy deployed into the eye
16 in a given increment of time by utilizing a microproc-
essor 22 to either calculate energy directly from the power
level utilized by the surgeon via footpedal control, not
shown, or by monitoring equivalent phaco time. Equiva-
lent phaco time is the average percent power setting on
the system used by the surgeon divided by 100. Heat
generation within the eye 16 is a function of the energy
deployed. In response to these two calculations, a coor-
dinate is determined within the two dimensional matrix.
The system 10 response to this coordinate is either pro-
vided pre-�programmed into the system or determined by
the surgeon and programmed and/or modified in either
a preoperative or inter- �operative manner.
�[0029] The equivalent time set forth in Figure 2 corre-
sponds to full duty cycle of one second. That is, if the
handpiece 14 is powered at one- �half duty cycle, then the
active time would be 2 sec., corresponding to an equiv-
alent time of 1 sec. full duty cycle.
�[0030] Although there has been hereinabove de-
scribed controlled apparatus in accordance with the
present invention, for the purpose of illustrating the man-
ner in which the invention is used to advantage, it should
be appreciated that the invention is not limited thereto.
Accordingly, any and all modifications, variations or
equivalent arrangements which may occur to those
skilled in the art, should be considered to be within the
scope of the present invention as defined in the appended
claims.

Claims

1. Phacoemulsification control apparatus for regulating
fluid flow to an ultrasonic phacoemulsification hand-
piece (14), and for regulating power, said control ap-
paratus comprising:�

a control console (12) for providing irrigation fluid
and energy to the ultrasonic phacoemulsifica-
tion handpiece (14) and for aspirating fluid from
an eye (16) during ocular surgery;
means (24) for monitoring energy provided to

the handpiece through an electrical line (32) by
the control console,
characterized by
means (50. 52 , 60, 62) for monitoring energy
removed from the eye through a fluid line (40)
by aspirated fluid, said means including be-
tween the control console (12) and the hand-
piece (14) a temperature sensor (52) and a flow
sensor (62) for the aspirated fluid; and by
computer means (22), responsive to input from
the means for monitoring energy provided to the
handpiece (14) and the means (50, 52, 60, 62)
for monitoring energy removed from the eye, for
regulating the energy provided to the handpiece
through the electrical line (32).

2. The phacoemulsificatian control apparatus accord-
ing to claim 1 wherein the means (50,52,60,62) for
monitoring energy removed from the eye includes
means (62) for measuring a flow rate of the aspirated
fluid.

3. The phacoemulsification control apparatus accord-
ing to claim 2 wherein the means (50, 52, 60, 62) for
monitoring energy removed from the eye further
comprises means (50, 52) for measuring a temper-
ature difference between the irrigation fluid and the
aspirated fluid.

4. The phacoemulsification control apparatus accord-
ing to any of the preceding claims wherein the control
console (12) includes means for regulating the duty
cycle of power provided to the handpiece.

5. The phacoemulsification control apparatus accord-
ing to claim 3 or 4 further comprising output means
(70), responsive to said computer means (22), for
providing an indication of eye temperature based on
the energy balance.

6. The phacoemulsification control apparatus accord-
ing to claim 5 wherein said output means (70) pro-
vides an alarm indication at a selected eye temper-
ature level.

7. The phacoemulsificatien control apparatus accord-
ing to any of the preceding claims further comprising
means (34) for providing irrigation fluid to the hand-
piece and means (18, 26) for aspirating fluid from
the eye.

Patentansprüche

1. Phakoemulsifikations-�Steuerungsvorrichtung zum
Regulieren eines Fluidflusses zu einem Ultraschall-
phakoemulsifikations- �Handstück (14) und zum Re-
gulieren einer Leistung, wobei die Steuerungsvor-
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richtung umfasst:�

eine Steuerungskonsole (12) zum Bereitstellen
von Spülungsfluid und Energie für das Ultra-
schallphakoemulsifikations-�Handstück (14) und
zum Absaugen von Fluid aus einem Auge (16)
während einer Augenoperation,
ein Mittel (24) zum Überwachen der Energie, die
dem Handstück durch die Steuerungskonsole
durch eine elektrische Leitung (32) bereitgestellt
wird,
gekennzeichnet durch
ein Mittel (50, 52, 60, 62) zum Überwachen von
Energie, die von dem Auge durch eine Fluidlei-
tung (40) durch abgesaugtes Fluid abgeführt
wird, wobei das Mittel einen Temperatursensor
(52) und einen Flusssensor (62) für das abge-
saugte Fluid zwischen der Steuerungskonsole
(12) und dem Handstück (14) enthält, und durch
ein Computermittel (22), das auf eine Eingabe
von dem Mittel zum Überwachen der Energie,
die dem Handstück (14) bereitgestellt wird, und
dem Mittel (50, 52, 60, 62) zum Überwachen der
Energie, die von dem Auge abgeführt wird, rea-
giert, zum Regulieren der Energie, die dem
Handstück durch die elektrische Leitung (32)
bereitgestellt wird.

2. Phakoemulsifikations-�Steuerungsvorrichtung nach
Anspruch 1, wobei das Mittel (50, 52, 60, 62) zum
Überwachen der Energie, die von dem Auge abge-
führt wird, ein Mittel (62) zum Messen einer Flussrate
des abgesaugten Fluids umfasst.

3. Phakoemulsifikations-�Steuerungsvorrichtung nach
Anspruch 2, wobei das Mittel (50, 52, 60, 62) zum
Überwachen der Energie, die von dem Auge abge-
führt wird, ferner ein Mittel (50, 52) zum Messen einer
Temperaturdifferenz zwischen dem Spülungsfluid
und dem abgesaugten Fluid umfasst.

4. Phakoemulsifikations-�Steuerungsvorrichtung nach
einem der vorstehenden Ansprüche, wobei die
Steuerungskonsole (12) ein Mittel zum Regulieren
des Arbeitszyklus von dem Handstück bereitgestell-
ter Leistung enthält.

5. Phakoemulsifikations-�Steuerungsvorrichtung nach
Anspruch 3 oder 4, ferner umfassend ein Ausgabe-
mittel (70), das auf das Computermittel (22) reagiert,
zum Bereitstellen einer Anzeige einer Augentempe-
ratur auf der Grundlage der Energiebalance.

6. Phakoemulsifikations-�Steuerungsvorrichtung nach
Anspruch 5, wobei das Ausgabemittel (70) eine Alar-
manzeige bei einem ausgewählten Augentempera-
turniveau zur Verfügung stellt.

7. Phakoemulsifikations-�Steuerungsvorrichtung nach
einem der vorstehenden Ansprüche, ferner umfas-
send ein Mittel (34) zum Bereitstellen von Spülungs-
fluid für das Handstück und ein Mittel (18, 26) zum
Absaugen von Fluid von dem Auge.

Revendications

1. Appareil de commande de phaco-�émulsification
destiné à réguler un écoulement de fluide vers une
pièce à main de phaco- �émulsification ultrasonore
(14), et à réguler une puissance, ledit appareil de
commande comprenant :�

une console de commande (12) destinée à four-
nir un fluide d’irrigation et de l’énergie à la pièce
à main de phaco-�émulsification ultrasonore (14)
et à aspirer du fluide d’un oeil (16) pendant une
opération de chirurgie oculaire;
un moyen (24) destiné à surveiller l’énergie four-
nie à la pièce à main par l’intermédiaire d’une
ligne électrique (32) par la console de comman-
de,
caractérisé par
un moyen (50, 52, 60, 62) destiné à surveiller
l’énergie retirée de l’oeil par l’intermédiaire
d’une voie fluidique (40) par le fluide aspiré, ledit
moyen comportant entre la console de comman-
de (12) et la pièce à main (14), un capteur de
température (52) et un capteur de débit (62) pour
le fluide aspiré; et par
un moyen informatique (22), sensible à toute en-
trée provenant du moyen destiné à surveiller
l’énergie fournie à la pièce à main (14) et le
moyen (50, 52, 60, 62) destiné à surveiller l’éner-
gie retirée de l’oeil, pour réguler l’énergie fournie
à la pièce à main par l’intermédiaire de la ligne
électrique (32).

2. Appareil de commande de phaco-�émulsification se-
lon la revendication 1 dans lequel le moyen (50, 52,
60, 62) destiné à surveiller l’énergie retirée de l’oeil
comporte un moyen (62) destiné à mesurer un débit
du fluide aspiré.

3. Appareil de commande de phaco-�émulsification se-
lon la revendication 2 dans lequel le moyen (50, 52,
60, 62) destiné à surveiller l’énergie retirée de l’oeil
comporte en plus un moyen (50, 52) destiné à me-
surer une différence de température entre le fluide
d’irrigation et le fluide aspiré.

4. Appareil de commande de phaco-�émulsification se-
lon l’une des revendications précédentes dans le-
quel la console de commande (12) comporte un
moyen destiné à réguler le facteur de marche de la
puissance fournie à la pièce à main.
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5. Appareil de commande de phaco-�émulsification se-
lon la revendication 3 ou 4 comprenant en plus un
moyen de sortie (70), sensible audit moyen informa-
tique (22), pour fournir une indication sur la tempé-
rature de l’oeil sur la base du bilan énergétique.

6. Appareil de commande de phaco-�émulsification se-
lon la revendication 5 dans lequel ledit moyen de
sortie (70) fournit une indication d’alerte à un niveau
sélectionné de la température de l’oeil.

7. Appareil de commande de phaco-�émulsification se-
lon l’une quelconque des revendications précéden-
tes comprenant en plus un moyen (34) destiné à
fournir un fluide d’irrigation à la pièce à main et un
moyen (18, 26) destiné à aspirer le fluide de l’oeil.

9 10 
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